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Abstract
No studies have examined whether positive emotions lead to favorable cardiovascular health
(CVH) early in the lifespan, before cardiovascular disease is diagnosed. Moreover, the direction of
the association has not been thoroughly investigated. Among younger adults, we investigated
whether baseline positive emotions were associated with better CVH over 20 years. We also
considered whether baseline CVH was associated with subsequent positive emotions during the
same period.
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Participants included 4,196 Black and White men and women from the Coronary Artery Risk
Development in Young Adults Study. Positive emotions and cardiovascular-related parameters
were each assessed in 1990 (this study’s baseline), with repeated assessment through 2010. CVH
was defined by blood pressure, lipids, body mass index, diabetes, and smoking status. Primary
analyses used linear mixed effects models adjusting for potential confounders; secondary analyses
stratified by race and sex.
Controlling for sociodemographic factors, greater baseline positive emotions were associated with
better CVH across time (β=0.03, 95% confidence interval=0.007–0.06). However, positive
emotions were unrelated to rate of change in CVH across time. Baseline CVH was also associated
with greater average positive emotions across time (β=0.09, 95% confidence interval=0.02–0.15),
but not rate of change. Positive emotions’ association with CVH was stronger for women than
men, but race did not modify associations.

Author Manuscript

Positive emotions in early to middle adulthood were associated with better CVH across several
decades. Baseline CVH was also associated with greater positive emotions during follow-up.
Future research may be able to disentangle these relationships by assessing positive emotions and
CVH earlier in life.

Keywords
cardiovascular health; cardiovascular disease; health promotion; positive emotions
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Heart disease has been the leading cause of death in the U.S. for more than 50 years.1, 2 To
address this burden, the American Heart Association focuses not just on treatment, but also
on promoting and maintaining the cardiovascular health (CVH) that most individuals
possess at birth.3 Favorable CVH is defined by being diabetes-free and a non-smoker, as
well as meeting recommendations for healthy levels of blood pressure, lipids, and body mass
index (BMI).4 However, meeting all these criteria can be difficult to achieve and favorable
CVH is relatively uncommon in adulthood. In a study of U.S. women ages 18–39 years, only
20% met criteria for favorable CVH.4 The prevalence is even lower for adults who are
middle-age or older and for some ethnic/racial minorities.5–7 Nonetheless, people with
versus without favorable CVH have lower risk for cardiovascular disease (CVD) and
mortality.8, 9 Thus, identifying factors that increase likelihood of achieving and maintaining
favorable CVH is critical.

Author Manuscript

Investigators hypothesize that psychosocial characteristics may be upstream determinants of
CVH because they influence human perceptions, interpersonal interactions, and health
behaviors. Only a few studies have examined protective psychosocial factors (mostly from
childhood) in relation to CVH.10–13 Research suggests positive emotions such as happiness
may be an antecedent, as they are associated with a range of health outcomes including
greater longevity.14–17 More specifically, positive emotions and related constructs have
shown inverse associations with risk of developing CVD.18–20 For example, in one
prospective study across 10 years, adults who displayed more positive emotions in their
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facial expressions had 22% reduced risk of incident heart disease when statistically
accounting for sociodemographics, CVD risk factors, and negative emotions.21
In the current study, we examined whether positive emotions were longitudinally associated
with CVH over a 20-year period. We hypothesized individuals with higher versus lower
levels of baseline positive emotions would have healthier CVH scores across time and
experience slower CVH deterioration. Because CVD risk factors, protective factors, and
outcomes are not evenly distributed across race and sex,22–24 secondary analyses explored
whether these factors modify potential associations. Positive emotions could mark the
absence of psychological distress rather than conferring independent benefit,18 so we
controlled for negative emotions along with sociodemographic factors. To explore the
possible bidirectionality in the relationship, we examined whether baseline CVH predicted
positive emotions during follow-up.

Author Manuscript

Methods
Participants

Author Manuscript

Participants were from the Coronary Artery Risk Development in Young Adults (CARDIA)
Study,25 which was established in 1985–1986 (Year 0) and enrolled 5,115 Black and White
men and women ages 18–30. Participants were from Birmingham, AL, Chicago, IL,
Minneapolis, MN, and Oakland, CA. Inclusion criteria were designed to yield approximately
the same number of people in subgroups of race, sex, education (high school or less; more
than high school) and age (18–24; 25–30) across enrollment sites. Participants visited one of
four clinical centers for a medical exam (e.g., blood pressure assessment) and to answer
questions about their health and sociodemographic characteristics. Those with history of
symptomatic/clinical CVD were excluded during initial study enrollment.
In addition to Year 0, CARDIA participants had in-person examinations in 1987–88 (Year
2), 1990–91 (Year 5), 1992–93 (Year 7), 1995–1996 (Year 10), 2000–01 (Year 15), 2005–06
(Year 20), 2010–11 (Year 25), and 2015–2016 (Year 30). Retention rates among survivors at
each in-person examination were 91%, 86%, 81%, 79%, 74%, 72%, 72%, and 71%,
respectively. Participant contact is maintained via telephone, mail, or email every 6 months,
with annual interim medical history ascertainment. Over the last 5 years, >90% of surviving
participants were directly contacted, and follow up for vital status is nearly complete through
related contacts and National Death Index searches.
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The 4,351 individuals who participated in the Year 5 data collection, when positive emotions
were first assessed, were eligible for inclusion in the primary analytic sample. Of those, we
excluded 47 missing data on positive emotions, 14 missing CVH assessed during the study
period, and an additional 94 missing data on covariates, resulting in a primary analytic
sample size of 4,196. Excluded (n=155) versus included participants were more likely to be
Black (relative risk [RR]=2.21, 95% confidence interval [CI]=1.59, 3.08), have less than a
college education (RR=2.60, 95% CI=1.73, 3.91), and be unmarried (RR=1.73, 95%
CI=1.20, 2.48). Excluded versus included participants also had lower positive emotions
(mean [M]excluded=7.71, standard deviation [SD]=2.9 versus Mincluded=8.31, SD=2.7;
p=0.02).
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To explore the possibility of bidirectionality, a separate analytic sample was created to assess
baseline CVH on positive emotions over time. From the initial 4,351 eligible participants,
150 were missing complete data on CVH at baseline, an additional 4 were missing any
assessment of positive emotions during the follow-up period, and 94 more were missing data
on covariates, resulting in a sample of 4,103.
The CARDIA study was approved by Institutional Review Boards at the data coordinating
center and across field centers where individuals provided informed consent.
Positive Emotions

Author Manuscript

Following prior work,26 self-reported positive emotions were derived from 4 positivelyworded items (“I was happy,” “I felt hopeful about the future,” “I felt that I was just as good
as other people,” “I enjoyed life”) from the Center for Epidemiological Studies Depression
(CES-D) Scale,27 which was assessed at 5-year intervals between Years 5 and 25. Response
options ranged from rarely or none of the time to most or all of the time. Items were
summed with higher scores indicating higher levels of positive emotions (M=8.31, SD=2.69,
0–12). Internal consistency of the four items was acceptable (α=.73) and past work suggests
the measure is valid.28, 29 The positive emotions score was standardized (M=0, SD=1) for
analyses.
Cardiovascular Health

Author Manuscript

Favorable CVH was defined by meeting recommended levels (yes, no) on five components:4
1) not currently using blood pressure medication, systolic blood pressure ≤120 mmHg, and
diastolic blood pressure ≤80 mmHg; 2) not currently using lipid medication and total
cholesterol <200 mg/dL; 3) BMI <25 kg/m2; 4) no diabetes diagnosis; and 5) currently being
a non-smoker. CVH components were either clinically-assessed (blood pressure, cholesterol,
BMI; details are reported elsewhere)25 or self-reported (medication use, diabetes status,
smoking status) at each assessment of the CARDIA Study. Evidence from another cohort
suggests such self-reports are consistent with objective assessments.30 Moreover, selfreported smoking status among CARDIA participants was consistent with measured levels
of serum cotinine.31

Author Manuscript

CVH scores (ranging from 0–5) were calculated by summing the total number of
components for which participants met recommended levels at each available assessment
during the study period (from Years 5 to 25). Individuals meeting recommended levels on all
five components had the highest possible score of 5. Although some researchers define CVH
by including diet and exercise (i.e., ideal CVH),3 we did not because those health behaviors
may confound or be on the pathway linking positive emotions with CVH. Instead, we
included diet and exercise as covariates to examine whether they attenuated associations.
Covariates
Covariates were selected based on past research and included sociodemographic and healthrelated factors assessed in Year 5 (unless otherwise noted).18 Sociodemographic factors
included age, sex (men, women), race (White, Black), marital status (married, unmarried),
education (less than a high school diploma, high school diploma, some college, college
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degree or higher), and family income ($0-$24,999, $25,000-$49,999, $50,000-$74,999, ≥
$75,00). Limited diet information was available at Year 5, and included only self-reported
frequency of weekly fast food consumption (M=2.0, SD=2.2). Physical activity was assessed
with the CARDIA Physical Activity History Questionnaire,32 which asked about
participants’ engagement in eight vigorous-intensity activities (e.g., swimming) and five
moderate-intensity activities (e.g., walking) during the past 12 months. Scores for each
activity were calculated based on intensity, frequency, and duration.33 An overall score was
created by summing scores across all activities; the sum was then used to create a 4-category
physical activity measure ranging from low to high. Participants also self-reported how
many drinks of wine, beer, and liquor they typically consumed in a week. Following
CARDIA convention, men who drank ≥14 drinks per week and women who drank ≥7 drinks
per week were categorized as consuming high levels of alcohol.34 Participants self-reported
at each assessment period whether or not “a doctor or nurse ever said that you have…” heart
problems or cancer (yes, no); diagnosis of heart problems or cancer were used as timeupdated variables. Consistent with previous examinations of the CES-D Scale’s
measurement structure,27, 29 negative emotions were self-reported at each assessment period
with five items (“I felt that I could not shake off the blues…” “I felt depressed,” “I felt
lonely,” “I had crying spells,” “I felt sad”). Higher scores indicated greater negative
emotions (M=2.24, SD=2.70, 0–15; α=.84). A continuous score of negative emotions was
used as a time-updated variable in sensitivity analyses.
Statistical Analyses

Author Manuscript

Analyses were conducted in Stata 15.1 (α=.05, two-tailed). Associations between positive
emotions and covariates were assessed by considering mean levels of positive emotions
across participant characteristics. Primary analyses used linear mixed effects models with
random intercepts to examine how baseline positive emotions were associated with the
continuous CVH score and the rate of change in CVH score across time. Mixed models used
the residual maximum likelihood method and a compound symmetry covariance structure.
We investigated three models: 1) adjusted for age only; 2) adjusted for sociodemographic
characteristics (age, sex, race, marital status, education, family income); and 3) additionally
adjusted for baseline fast food consumption, physical activity, and alcohol consumption, as
well as time-updated heart disease and cancer diagnoses.

Author Manuscript

Separate sensitivity analyses explored whether additionally adjusting for time-updated
negative emotions or excluding people with heart problems or cancer diagnoses at baseline
altered associations. Secondary analyses examined positive emotion’s association with CVH
stratified by either sex or race in linear mixed effects models. Secondary analyses further
used generalized estimating equations with the Poisson distribution (given the relatively
common outcomes) to consider likelihood of meeting recommended levels for each separate
CVH component (e.g., cholesterol).
To investigate possible bidirectionality, we used an additional set of linear mixed effects
models to examine how baseline CVH was associated with positive emotions and the rate of
change in positive emotions across time. The same set of covariates as described previously
were controlled.
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Results
Participant Characteristics
Consistent with sampling procedures, approximately half of participants were women (55%)
and half were Black (48%). At baseline (Year 5), more than half of participants were
unmarried (59%) and roughly a third had earned a high school diploma or less (31%),
attended some college (30%), or earned a college degree or more (39%). Most participants
had a family income of <$24,999 (38%) or $25,000-$49,999 (38%); fewer participants
reported ≥$50,000 (24%). Table 1 presents baseline positive emotions across categories of
participant characteristics.

Author Manuscript

The proportion of individuals with healthy status on all five CVH components was low and
decreased over time. In Year 5, when participants were on average 30 years old, only 15.5%
of individuals had favorable CVH (i.e., healthy status on all five CVH components). For the
overall sample, the prevalence decreased to 14.2% in Year 7, 12.7% in Year 10, 7.9% in Year
15, 6.8% in Year 20, and 4.6% in Year 25 (when participants were on average 50 years old).
Positive Emotions’ Association with Cardiovascular Health

Author Manuscript

Across an average follow-up period of 20.08 years, positive emotions were significantly and
positively associated with CVH levels pooled across time in an age-adjusted model (Table 2;
Model 1). The positive association was slightly attenuated when additionally controlling for
sociodemographic characteristics, fast food consumption, physical activity, alcohol
consumption, and diagnosis of heart problems or cancer (Table 2; Models 2 and 3). In
addition, each model showed that CVH decreased significantly across time. However, the
interaction between positive emotions and time was not statistically significant, suggesting
the rate of decline in CVH did not depend on initial positive emotion levels.
Sensitivity analyses indicated the magnitude of association between positive emotions and
CVH was only slightly attenuated when time-updated negative emotions were considered
with all other covariates (β=0.02, 95% CI=−0.003, 0.05). Moreover, negative emotions were
associated with CVH during follow-up (β=−0.006, 95% CI=−0.01, −0.0003). Results from
the linear mixed effects models were nearly identical when excluding 390 participants who
had a baseline diagnosis of heart problems or cancer (Supplemental Table 1).

Author Manuscript

In secondary analyses, there was no interaction between race and positive emotions in
relation to CVH (Table 3; β=−0.03, 95% CI=−0.09, 0.02, p=.2). However, sex and positive
emotions did interact (β=0.06, 95% CI=0.007, 0.11, p=.03). Women with higher levels of
baseline positive emotions tended to have higher CVH levels during follow-up (Table 3). By
contrast, the association was weaker for men with wider CIs.
Generalized estimating equations with the full analytic sample showed higher baseline
positive emotions were weakly associated with greater likelihood of meeting
recommendations for healthy BMI, healthy blood pressure, and non-smoking in ageadjusted models (Supplemental Table 2). With further adjustment for sociodemographics,
fast food consumption, physical activity, alcohol consumption, and diagnosis of heart

Prev Med. Author manuscript; available in PMC 2021 July 01.

Boehm et al.

Page 7

Author Manuscript

problems or cancer, baseline positive emotions were no longer or only weakly associated
with the individual components of CVH (Supplemental Table 2).
Cardiovascular Health’s Association with Positive Emotions
Baseline CVH was positively associated with positive emotions in an age-adjusted model
(Table 4; Model 1). The association was still evident albeit somewhat weaker after adjusting
for sociodemographics, fast food consumption, physical activity, alcohol consumption, and
diagnosis of heart problems or cancer (Table 4; Models 2 and 3). This indicates individuals
with higher CVH scores earlier in adulthood also show higher levels of subsequent positive
emotions. Notably, positive emotions significantly increased across time, but baseline CVH
did not interact with time to predict rate of change in positive emotions. Interactions
between baseline CVH and sex or race were not statistically significant (data not shown).

Author Manuscript

Discussion

Author Manuscript

Despite recent calls for promoting favorable CVH, the antecedents of CVH, particularly
psychosocial contributors, have not been longitudinally examined.35 This is the first study to
examine positive emotions’ association with CVH using prospective longitudinal data across
as many as 20 years. Individuals with higher levels of positive emotions were more likely to
have healthier CVH scores during follow-up. These associations were evident after
accounting for sociodemographic factors, health status, and potential pathway variables such
as physical activity. Although the size of associations may seem relatively small, they are
consistent with findings from older adults13 and may translate into a substantial impact at
the population level or when effects accumulate over time.36, 37 Moreover, the effect sizes
reported here for positive emotions are comparable in size to other correlates of CVH. For
example, each one year increase in age showed a decrease in CVH comparable in magnitude
to the increase in CVH associated with one SD increase in positive emotions.
Contrary to initial hypotheses, positive emotions were not associated with a slower rate of
decline in CVH across time. These findings could suggest that positive emotions contribute
to establishing a foundation for favorable CVH, but over time other factors contribute to how
slowly or quickly CVH deteriorates or whether it can be maintained. Processes leading to
health declines are entrenched by early to middle adulthood, at ages prior to our study
period. Identifying factors that help establish higher initial levels of CVH is important as
they may set up a reserve from which to draw on when declines occur. With larger reserves,
it may take longer to deteriorate into poor CVH.

Author Manuscript

Unlike prior work, the current study had nearly equal numbers of men and women, as well
as Blacks and Whites, and was sufficiently powered to detect subgroup differences.
Particularly noteworthy, associations between positive emotions and CVH were similar for
Blacks and Whites; to our knowledge this is the first study to assess potential differences by
race. Also notable was that associations differed somewhat between men and women
whereby women tended to have stronger associations between positive emotions and CVH
compared with men. It is unclear why this might be. Past research has not typically reported
differences in positive emotions and related psychosocial factors based on sex.38 Moreover,
positive emotions appear to be similarly protective against CVD for both men and women.21
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However, some evidence suggests that effects of psychosocial factors on cardiovascular
outcomes are more potent in women.39 Furthermore, there are known sex-related differences
in the cardiovascular system (e.g., hormonal influences, anatomy, physiology),40 as well as
in CVD prevalence and timing of onset.41 Consistent with past work showing women are
more likely to have better CVH than men,42 fewer men (12.1%) than women (18.1%) in the
analytic sample started with favorable CVH. This discrepancy may make it difficult to see
relatively small effects of positive emotions in a group that already has poorer CVH. It will
be important to determine whether associations hold in other samples.
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Positive emotions’ association with each individual CVH component was weak, especially
after controlling for sociodemographic and health-related variables. This may suggest that
no specific CVH component is driving the primary findings, but rather the impact on overall
CVH may be greater than the sum of its parts. In other words, preserving CVH on the whole
may be beneficial for the long-term prevention of CVD, rather than focusing on any single
component.35
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A notable strength of this study is that CARDIA’s repeated assessments provided an
opportunity to examine whether baseline health is prospectively associated with changes in
positive emotions over time. Although the relationship between positive emotions and CVH
is likely bidirectional to some extent, it is important to determine their temporal sequencing
to inform strategies for prevention and intervention. If future studies can show that positive
emotions contribute causally to attaining and preserving favorable CVH, then positive
emotions may serve as a novel therapeutic target with the ultimate goal of improving CVH
over the long-term.43 However, no work to date investigates whether favorable CVH is
longitudinally related to positive emotions. Present findings demonstrate baseline CVH was
associated with greater positive emotions, but did not impact rate of change in positive
emotions over time. Thus, positive emotions and CVH may be tracking together. It is clear
individuals with high versus low levels of positive emotions tend to have higher CVH scores
(Supplemental Figure 1). However, we cannot conclusively determine whether the
association is truly bidirectional or if effects are primarily occurring in one direction. If
effects are set earlier in the lifespan, further disentangling these associations may only be
possible with data collected from younger individuals.
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Other limitations of the current study include the inability to generalize to other populations
such as rural communities, non-Whites, or non-Blacks. In addition, there was imperfect
assessment of diet via fast food consumption and findings should be viewed cautiously until
work with more robust measures are available (e.g., validated food frequency
questionnaires). Further potential confounders (e.g., hormonal influences) could also be
considered in other cohorts where the relevant data is available. In addition, positive
emotions were derived from an inventory originally designed to assess depressive symptoms.
However, a meta-analysis of the factor structure of the CES-D Scale reliably derived the
positive emotions component, as did the original article.27, 28 Other research has assessed
positive emotions similarly and reported associations with incident stroke.20 Moreover, in
our study, higher levels of positive emotions were associated with being married and having
higher education and income levels, in ways consistent with findings from studies using
other validated measures of positive emotions.44 Future work could examine alternative
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approaches to assessing positive emotions (including other validated self-report measures or
facial coding of smiling). This would complement lab-based studies in which positive
emotions are directly manipulated or assessed via ecological momentary assessment to
examine effects on health-relevant acute physiological responses. Consistent with the
findings reported here, such studies suggest that positive emotions may be associated with
healthier cardiovascular and immune function.15, 17, 45

Author Manuscript

These limitations are balanced by substantial strengths including low attrition rates in a
diverse sample comprised of Black and White men and women from various educational
backgrounds. The longitudinal design allowed for up to 20 years of follow-up across a
period in the lifespan when health often declines. We statistically controlled for a wide range
of potential confounding (e.g., socioeconomic status) and pathway variables (e.g., physical
activity). Associations were consistent regardless of which variables were in the model,
including negative emotions. Finally, we used a metric of CVH comprised mostly of
objectively-assessed factors, which shows validity via associations with healthy longevity
and allows health to be quantified prior to diagnosis of disease.

Conclusions

Author Manuscript

We found evidence suggesting positive emotions are prospectively associated with better
CVH through young adulthood to middle age, but not with rate of change in CVH.
Moreover, it is not clear whether positive emotions or CVH comes first; they may occur in
tandem. Thus, an important implication is that efforts to protect CVH in middle to later
adulthood may be beyond the etiologic window for effectiveness. Instead, it may be
important to consider positive emotions’ association with the preservation of favorable CVH
in adolescence or even childhood, before a trajectory of CVH is established or CVH
becomes compromised.
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Highlights
•

Correlates of cardiovascular health were examined in Black and white men
and women

•

Greater positive emotions were associated with cardiovascular health across
20 years

•

Associations were stronger for women than men, but race did not modify
associations

•

Future work could explore associations earlier in life, before health
deteriorates
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Author Manuscript
Author Manuscript
Prev Med. Author manuscript; available in PMC 2021 July 01.

Boehm et al.

Page 15

Table 1:

Author Manuscript

Mean levels of positive emotions by participant characteristics at Year 5 (N=4,196).
Participant Characteristics

b

n (%)

Mean Positive Emotions (SD)

p

21–30 Years

2,143 (51.1)

8.29 (2.7)

0.7

31 Years or Older

2,053 (48.9)

8.33 (2.7)

Male

1,882 (44.8)

8.48 (2.6)

Female

2,314 (55.2)

8.17 (2.8)

White

2,182 (52.0)

8.51 (2.6)

Black

2,014 (48.0)

8.09 (2.8)

Age

Sex
<0.001

Race
<0.001

Marital Status

Author Manuscript

Married

1,711 (40.8)

8.78 (2.6)

a

2,485 (59.2)

7.99 (2.7)

Less than High School

246 (5.9)

7.62c (2.7)

High School

1,058 (25.2)

7.96c (2.8)

Some College

1,254 (29.9)

8.25d (2.7)

College or Higher

1,638 (39.0)

8.69e (2.6)

1,601 (38.2)

7.87c (2.8)

$25,000–$49,999

1,588 (37.9)

8.38d

$50,000–$74,999

609 (14.5)

8.83e (2.5)

≥$75,000

398 (9.5)

9.00e (2.4)

0 or 1 Time(s)

2,046 (48.8)

8.35 (2.7)

2 Times or More

2,150 (51.2)

8.27 (2.7)

Low

1,323 (31.5)

7.86c (2.7)

Moderate

1,038 (24.7)

8.26d (2.7)

Moderate-High

991 (23.6)

8.61e (2.6)

High

844 (20.1)

8.72e (2.6)

3,699 (88.2)

8.35 (2.7)

497 (11.8)

8.04 (2.8)

341 (8.2)

8.28 (2.8)

3,827 (91.8)

8.31 (2.7)

Unmarried

<0.001

Education
<0.001

Family Income
$0–$24,999

<0.001

(2.7)

Author Manuscript

Weekly Fast Food Consumption
0.3

Physical Activity Level
<0.001

Alcohol Consumption
Low to Moderate
High

Author Manuscript

Diagnosis of Heart Problems
Yes
No

0.02

f
0.9

f

Diagnosis of Cancer
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Participant Characteristics

b

Author Manuscript

n (%)

Mean Positive Emotions (SD)

p

Yes

57 (1.4)

8.07 (2.7)

0.5

No

4,132 (98.6)

8.32 (2.7)

Low to Moderate

3,154 (75.2)

9.00 (2.4)

High

1,039 (24.8)

6.21 (2.4)

f, g

Negative Emotions

a

<0.001

The unmarried category includes participants who were widowed, divorced, separated, never married, or other.

b

Differences between groups were tested using ANOVA; for more than two subgroups, means with different subscripts (c, d, e) are significantly
different from one another.

f

Sample sizes may vary due to missing baseline data on these time-updated variables.

g

Negative emotions were used as a binary variable for this table (low to moderate <3; high ≥3), but a continuous variable in all other analyses.

Author Manuscript
Author Manuscript
Author Manuscript
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Table 2:

Author Manuscript

Association between baseline positive emotions (standardized) and cardiovascular health scores (continuous)
a

during follow-up (N=4,196).

Model 1

Model 2

Model 3

β (95% CI)

β (95% CI)

β (95% CI)

0.06 (0.03, 0.08)

0.03 (0.007, 0.06)

0.03 (−0.001, 0.05)

Time

−0.05 (−0.05, −0.05)

−0.05 (−0.05, −0.05)

−0.05 (−0.05, −0.05)

Age

−0.04 (−0.04, −0.03)

−0.05 (−0.06, −0.04)

−0.05 (−0.05, −0.04)

0.29 (0.24, 0.35)

0.28 (0.23, 0.33)

Positive Emotions

b

Female
Black

−0.17 (−0.22, −0.11)

−0.16 (−0.21, −0.10)

Married

−0.002 (−0.02, 0.02)

−0.0002 (−0.02, 0.02)

Reference

Reference

High School

0.13 (0.01, 0.25)

0.09 (−0.03, 0.21)

Some College

0.22 (0.10, 0.34)

0.16 (0.04, 0.28)

College or Higher

0.56 (0.44, 0.68)

0.49 (0.37, 0.61)

Education

Author Manuscript

Less than High School

Family Income
≤$24,999

Reference

Reference

$25,000–49,999

−0.02 (−0.08, 0.04)

−0.02 (−0.08, 0.05)

$50,000–$74,999

0.02 (−0.07, 0.11)

0.01 (−0.08, 0.10)

≥$75,000

0.06 (−0.05, 0.16)

0.06 (−0.04, 0.16)

Fast Food Consumption

−0.01 (−0.04, −0.008)

Physical Activity
Low

Reference

Author Manuscript

Moderate

0.03 (−0.04, 0.10)

Moderate-High

0.10 (0.02, 0.17)

High

0.16 (0.08, 0.23)

Alcohol Consumption
Low to Moderate

Reference

High

−0.25 (−0.33, −0.17)

c

Heart Problems

−0.05 (−0.09, −0.001)

c

−0.0005 (−0.07, 0.07)

Cancer

a

Linear mixed effects models were used to estimate the association.

b

Because positive emotions did not interact with time (interaction term in age-adjusted model: β=0.0008; p=0.2), the interaction term was not
included in any of the models presented.

Author Manuscript

c

Time-updated variable.
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Table 3:

Author Manuscript

Association between baseline positive emotions (standardized) and cardiovascular health scores (continuous)
a,b

during follow-up, stratified by sex or race (N=4,196).

a

Women (n=2,314)

Men (n=1,882)

Blacks (n=2,014)

Whites (n=2,182)

β (95% CI)

β (95% CI)

β (95% CI)

β (95% CI)

0.03 (0.001, 0.06)

0.01 (−0.03, 0.06)

0.01 (−0.03, 0.04)

0.04 (0.004, 0.08)

Linear mixed effects models were used to estimate the association.

b

The sex-stratified model adjusted for age, race, marital status, education, and family income, while the race-stratified model adjusted for age, sex,
marital status, education, and family income.

Author Manuscript
Author Manuscript
Author Manuscript
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Table 4:

Author Manuscript

Association between baseline cardiovascular health scores (continuous) and positive emotions (continuous)
a

during follow-up (N=4,103).

Cardiovascular Health

Model 1

Model 2

Model 3

β (95% CI)

β (95% CI)

β (95% CI)

0.16 (0.09, 0.22)

0.09 (0.02, 0.15)

0.06 (−0.003, 0.13)

Time

0.009 (0.004, 0.01)

0.008 (0.003, 0.01)

0.009 (0.004, 0.01)

Age

0.0005 (−0.02, 0.02)

−0.04 (−0.06, −0.02)

−0.04 (−0.05, −0.02)

−0.17 (−0.29, −0.04)

−0.17 (−0.29, −0.04)

Female
Black

−0.10 (−0.24, 0.03)

−0.08 (−0.21, 0.06)

Married

−0.14 (−0.18, −0.09)

−0.14 (−0.19, −0.10)

Reference

Reference

High School

0.20 (−0.09, 0.50)

0.12 (−0.18, 0.42)

Some College

0.60 (0.30, 0.90)

0.48 (0.18, 0.78)

College or Higher

0.84 (0.54, 1.15)

0.72 (0.42, 1.02)

Education
Less than High School

Author Manuscript

Family Income
≤$24,999

Reference

Reference

$25,000–49,999

0.26 (0.11, 0.41)

0.25 (0.09, 0.40)

$50,000–$74,999

0.40 (0.19, 0.61)

0.36 (0.15, 0.57)

≥$75,000

0.63 (0.38, 0.89)

0.60 (0.34, 0.85)

Fast Food Consumption

0.004 (−0.02, 0.03)

Physical Activity
Low

Reference

Author Manuscript

Moderate

0.25 (0.08, 0.41)

Moderate-High

0.53 (0.36, 0.70)

High

0.58 (0.40, 0.80)

Alcohol Consumption
Low to Moderate

Reference

High

−0.15 (0.35, 0.05)

c

Heart Problems

−0.10 (−0.24, 0.05)

c

0.02 (−0.19, 0.24)

Cancer

a

Linear mixed effects models were used to estimate the association.

b

Because cardiovascular health did not interact with time (interaction term in age-adjusted model: β=0.001; p=0.20), the interaction term was not
included in any of the models presented.

Author Manuscript

c

Time-updated variable.
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